Background and aim: We evaluated low skeletal muscle mass (LMM) in women prior to bariatric surgery (BS) through different skeletal muscle mass indexes (MMIs) regarding body fat percentage (BFP), handgrip strength (HS), six-minute walk test (6MWT), metabolic profile and bone mineral density (BMD). Methods: Women (n=62) were allocated into two groups according to LMM: obesity with low muscle mass (OLMM) or obesity with normal muscle mass (ONMM). LMM was defined by the appendicular skeletal muscle mass (ASM) adjusted for weight (ASM/wt × 100) and ASM adjusted for body mass index (ASM/BMI), considering the lowest quintile of the indexes studied. Results: OLMM was found in 30.5% by ASM/wt × 100 and 20.3% by ASM/BMI. Using the ASM/wt × 100, OLMM group had a high BFP, low HS and BMD in L1-L4, femoral neck (FN) and total femur (TF) when compared with ONMM (p < 0.05). Using ASM/BMI, OLMM group had increased BFP, reduced HS and 6MWT in comparison to ONMM (p < 0.05). Metabolic profile was similar between OLMM and ONMM groups by the two MMIs. MMIs were negatively correlated with BFP (p < 0.05) and positively correlated with HS (p < 0.05), and none of them with 6MWT (p > 0.05). ASM/wt × 100 was positively correlated with all BMD sites assessed (p < 0.05). There was positive correlation between ASM/wt × 100 and ASM/BMI. Conclusion: OLMM identified by the ASM/wt × 100 and ASM/BMI had higher adiposity and lower HS. Using ASM/BMI, we found that OLMN had a poor physical performance, while the ASM/wt × 100 identified a lower BMD at all sites.
Introduction
The prevalence of class II and III obesity has increased worldwide, 1 as well as its metabolic and cardiovascular complications. 1 Clinical treatment of these patients is complex, with bariatric surgery (BS) being an effective treatment option for weight loss, improvement of comorbidities and reduction of mortality. 2, 3 Currently, there is a concern with the stratification of these patients regarding cardiovascular risk before BS, due to the increase of morbidity and mortality. 4 Indeed, obesity generates a low-grade systemic inflammatory state, predisposing to other chronic conditions, such as musculoskeletal impairments. 5 The coexistence of low skeletal muscle mass (LMM) and high adiposity has been linked with metabolic complications, disability, fall, osteoporosis, fracture and mortality. 6, 7 Previous studies have shown that obese individuals could lose SMM, 8 bone mass, 9 and maintain a high body fat percentage (BFP) throughout the follow-up after BS. 10 Thus, the identification of LMM in young subjects with the recommendation for BS may be useful to target therapeutic strategies that could help to reduce the complications associated with obesity and BS. Different muscle mass indexes (MMIs) have been used for evaluation of LMM, such as appendicular skeletal muscle mass (ASM) adjusted to weight (wt), BMI or height (ht).
The evaluation of LMM in adults with class II and III obesity is scarce, as well as there are few reports in the literature about the comparison between the MMIs with respect to the clinical outcomes in this subpopulation. 18 Thus, the objective of the study was: 1) Identify LMM in women with recommendation for BS through two MMIs (ASM/wt × 100 and ASM/BMI); 2) Compare obesity with low muscle mass (OLMM) group to obesity with normal muscle mass (ONMM) group regarding age, blood pressure, anthropometric measurements, body composition, handgrip strength (HS), six-minute walk test (6MWT), metabolic profile and bone mineral density (BMD) for each MMI studied; and 3) Verify any correlation between the two MMIs and the studied variables.
Methods

Ethical Aspects
This cross-sectional study was conducted in accordance with the Declaration of Helsinki. The protocol of original study entitled "Cardiovascular, metabolic and muscular evaluation in sarcopenic and non-sarcopenic obese patients recommended for bariatric surgery" was submitted and approved by the Research Ethics Committee of Lauro Wanderley University Hospital, Federal University of Paraiba (Reference number 80984817.9.0000.5183) and all procedures were conducted in agreement with the Resolution 466/2012 of the national and international health councils. After the patients gave written informed consent they underwent screening procedures.
Subjects
Seventy-one individuals were assessed; however, we excluded nine men from the sample because of the small number of participants. Obese women aged 18-60 years, BMI ≥ 40 kg/m 2 or ≥ 35 kg/m 2 with comorbidities, already referred to BS service of Lauro Wanderley University Hospital, between March and September 2018, were included in the study. Women were categorized into two groups according to the presence of OLMM and ONMM for each MMI.
Exclusion criteria consisted of compatible history with pregnancy or lactating, cardiac transplantation, presence of arrhythmias (e.g.: ventricular atrial block, atrial fibrillation) cardiac pacemakers, clinical history of ischemic and non-ischemic cardiomyopathy, important psychiatric diseases, active malignant neoplasms. Additionally, patients who had osteoarticular or neurological diseases that might have led to physical impairment (strength deficit or physical performance), the use of controlled medications that might have led to side effects that compromise physical performance and patients with impaired pulmonary, hepatic and renal function were excluded in this study.
Clinical Evaluation, Anthropometric and Blood Pressure Measurements
A questionnaire was administered to participants in order to retrieve information regarding their age, sociodemographic data, medical history (menopause history, previous diseases; including history of atraumatic bone fracture, time of illness and use of medication), lifestyle (nutritional counseling, levels of physical activity and smoking). Duration of type 2 diabetes mellitus and arterial hypertension was recorded based on the date of diagnosis self-reported by patient.
Body weight was measured to the nearest 0.1 kg (Inbody 370). Ht was measured to the nearest 0.5 cm using a stadiometer (anthropometric balance Caumaq mechanical capacity 300 kg) and BMI (kg/m 2 ) was calculated as the wt divided by the h 2 (wt/h 2 ).
Blood pressure was measured through the Welch Allyn sphygmomanometer with appropriate arm circumference cuff following the recommendations of the 2013 ESH/ESC Guidelines for the management of arterial hypertension. 11
Assessment of Body Composition
Body composition was evaluated by bioimpedance (Inbody 370, Model JMW140, Chungcheongnam-do, KOREA), eightpoint tactile electrodes, multifrequency (5 kHz, 50 kHz, 250 kHz). To perform the test, it was recommended to fast for 12 hrs, empty the bladder before the test, not to perform extenuating or vigorous physical exercises the day before and not being in the menstrual period. SMM (kg) and fat mass (kg) of all body segments (arms, legs and trunk), as well as BFP (%) were provided from the manufacturer's algorithm incorporating age, sex, wt and ht. 12, 13 The ASM (kg) was calculated by summing the SMM of both arms and legs.
Obesity with Low Muscle Mass Definition
OLMM was characterized by the combination of obesity (defined by BMI) and LMM (defined by a low MMI). For evaluation of LMM, we used two definitions: 1) ASM (sum of SMM of arms and legs) adjusted for wt: ASM/ wt × 100 (%) and 2) ASM adjusted for BMI: ASM/BMI (m 2 ). We established that obese women in the lowest quintile for each MMI were OLMM group, whereas those in the remaining quintiles were allocated in the ONMM group, similarly to other studies when cut-off points were not established in that subpopulation. 12, 14, 15 Muscle Function (Handgrip Strength and Physical Function) Assessment HS was assessed by Jamar hand dynamometer (Sammons Preston Inc., IL, USA). We performed a mean of three attempts in each hand, starting the examination by the dominant hand with a pause between the 30-s measures, and using the verbal stimulus so that the patient reached maximum strength.
In addition, physical function by the 6MWT was assessed according to previous studies. 16 
Blood Sample and Biochemical Analyses
Blood samples were collected with 12 hrs fasting, without alcoholic beverage intake 72 hrs before. Fasting glucose, cholesterol, triglycerides and high-density lipoprotein cholesterol (HDL-c) concentrations were determined with an automated enzymatic method (Autoanalyzer; Technicon, Tarrytown, NY, USA). The low-density lipoprotein cholesterol (LDL-c) was calculated using the Friedwald formula. 17 Fasting insulin was determined with the chemiluminescence immunoassay technique using (Siemens Healthcare Diagnostics) following the manufacturers' recommendations. Insulin resistance was estimated with the homeostasis model assessment of insulin resistance (HOMA) method. Glycated hemoglobin (HbA1c) was measured by highperformance liquid chromatography (method certified by the National Glycohemoglobin Standardization Program). Lastly, high sensitivity quantitative C-reactive protein (C-RP) was measured by turbidimetry.
Bone Mineral Density
BMD (g/cm 2 ), T-score and Z-score in the lumbar spine (L1-L4), femoral neck (FN) and total femur (TF) were evaluated by dual-energy X-ray absorptiometry with densitometer properly calibrated (model Lunar 8743, Medical Systems Lunar, Madison, USA) and by a singleexperienced evaluator. This densitometer only allows the evaluation of patients weighing up to 120 kg.
The criteria of the European guidance for the diagnosis and management of osteoporosis in postmenopausal women for the diagnosis of osteopenia and osteoporosis in postmenopausal women were adopted. 18 Premenopausal women with Z-score < 2 were considered to have low bone mass.
Statistical Analysis
Normality of the data was tested by Shapiro-Wilk. Data are reported as mean ± standard deviation. Triglycerides, insulin, C-RP, HbA1c and HOMA were log-transformed to normalize the data and presented as geometric means and confidence interval. The comparison between groups (OLMM and ONMM for each MMI) was performed using Student's t-test and variance homogeneity tests between the groups compared through the Levine test. Pearson's correlation coefficient was used to examine the relationship between the MMIs and age, anthropometric, blood pressure, body composition, muscle function, laboratory parameters and BMD.
Attained correlations were classified as poor (r ≤ 0.20), weak (0.21-0.40), moderate (0.41-0.60), good (0.61-0.80), and excellent (0.81-1.00), 19, 20 p values < 0.05 were considered significant. 19, 20 Multiple regression was applied to identify the most important factor that was related to ASM/wt × 100 and ASM/BMI. Two models were used in multiple regression; model 1 (age, BMD and HOMA-IR) and model 2 (model 1 plus HS). The analyses were performed using the SPSS package version 20 (IBM Corp., Armonk, NY).
Results
Subjects Characteristics
We evaluated 62 obese women aged 24-57 years (mean age 39.53 ± 8.99 years), mean wt 108.60 ± 13.86 kg and mean BMI 42.6 ± 4.64 kg/m 2 . Of the participants, 50% of them were married, 40.32% completed university, 50.3% were hypertensive (mean duration of 12 years), 24.19% had type 2 diabetes mellitus (mean duration of 5.81 years), 38.7% were dyslipidemic, 20% were in menopause, 8% had osteopenia, 40% practiced physical activity (≥ 150 mins/week), 66% underwent nutritional monitoring for more than 1 year. Eight participants did not assess BMD because they weighed more than 120 kg and three did not evaluated body composition. Anthropometric characteristics, muscular function, body composition and laboratory parameters are shown in Table 1 .
Obesity with Low Muscle Mass Definition
OLMM was identified in 30.5% (n=18) by ASM/wt × 100 and 20.3% (n=12) by ASM/BMI. The cut-off points for each quintile of the MMIs derived from wt and BMI are shown in Table 2 .
Comparison Between OLMM and ONMM Groups as the Variables Studied According to ASM/Wt × 100 and ASM/ BMI Age was similar between the OLMM and ONMM groups, independent of the MMI used. Women in the lowest quintile for the ASM/wt × 100, presented a higher BFP and lower ht and HS than ONMM group (Table 3 ). There was no significant difference for 6MWT between the studied groups ( Table 3 ). In relation to ASM/BMI, OLMM group exhibited higher BMI and BFP, while ht, HS and 6MWT were lower than the ONMM group (Table 3) . Metabolic profile was not worse in OLMM compared to ONMM by the two MMIs evaluated (Table 3) .
Differences in BMD between OLMM and ONMM groups according to each MMI are shown in Table 4 . OLMM group by ASM/wt × 100 presented lower BMD at all evaluated sites (L1-L4, FN and TF), while OLMM and ONMM groups by ASM/BMI exhibited similar BMD ( Table 4 ).
Associations of ASM/Wt × 100 and ASM/ BMI with Variables Studied
None of the MMIs were associated with age. In relation to anthropometric measures, all MMIs; ASM/wt × 100 and ASM/BMI were positively associated with ht. ASM/wt × 100 and ASM/BMI had negative and significant association with BMI (Table 5) .
Regarding body composition, ASM/wt × 100 and ASM/BMI were negatively associated with BFP. As expected, all MMIs was positively correlated with statistical significance with SMM of arms, legs and trunk. In addition, ASM/wt × 100 obtained negative and significant association with fat mass of upper limbs (Table 5 ). ASM/wt × 100 and ASM/BMI were positively and significantly associated with HS, while none of them had any association with 6MWT and laboratory parameters ( Table 5 ). With respect to BMD, its correlations with MMIs are shown in Table 5 . Only the ASM/wt × 100 correlated positively and significantly with all sites (L1-L4, FN and TF) of BMD evaluated (Table 5 ). When correlating the MMIs between them, there was significant correlation between ASM/wt × 100 and ASM/BMI ( Table 5 ).
Multiple regression analyses showed that HS is the most important variable to predict ASM/wt × 100 (Beta = 0.562, p < 0.05) and ASM/BMI (Beta = 0.562, p< 0.05) ( Table 6 ). The total variability of the ASM/wt × 100 and ASM/BMI with HS regression model was 47% (Adjusted R 2 = 0.473, p < 0.001) and 42% (Adjusted R 2 = 0.427, p < 0.001), respectively.
Discussion
Our study evaluated LMM, one of the parameters involved in the diagnosis of sarcopenia, in obese women with BS recommendation through two MMIs (ASM/wt × 100 and ASM/BMI). We used the lowest quintile of each studied MMI to diagnose LMM because we did not have wellestablished cut-off points in this subgroup. 12, 14, 15, 21 In this way, OLMM was found in 30.5% by ASM/wt × 100 and 20.3% by ASM/BMI.
There is a paucity of literature on the prevalence of sarcopenic in adults with class II/III obesity and the comparison between them is difficult due to the heterogeneity 
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of methods of estimation of SMM, definition of sarcopenia to be used, ethnicities, peculiarities of each studied population and cut-off points used. Several definitions of sarcopenia were evaluated in obese individuals with class II/III obesity. The prevalence of sarcopenia was higher when diagnosed through the following MMIs: ASM/wt × 100, ASM/BMI and ASM adjusted for fat mass, ranging from 12.6% to 84.5% for women. 30 Our mean values and cut-off points using the lowest quintile for the MMIs derived from ASM/wt × 100 and ASM/BMI were: 19.76%/0.505 m 2 and 18%/ 0.410 m 2 , respectively.
There are few reports comparing the clinical implication of sarcopenia through the ASM/wt x100 and ASM/ BMI in the elderly 21, 22 and studies are even more scarce in obese individuals. In adults obese subjects, difficulties with activities of daily living were negatively associated with ASM/wt × 100 in relation to ASM/BMI and ASM adjusted for both, ht and fat mass. 18 Definitions of sarcopenia based on a health outcome of interest are important and have been increasingly used. One of the advantages of our study was the characterization of OLMM in women with an indication for BS, seeking a clinical profile with a greater risk of complications before and after this surgery.
Some studies have shown that patients with OLMM are older, have a higher BMI, higher BFP. 23, 24 In our analysis, patients presented similar ages in the OLMM and ONMM groups. BMI was higher in the OLMM group by ASM/BMI, while BMI was negatively correlated with ASM/wt × 100, as well as for ASM/BMI, similarly to another study. 25 In addition, the ASM/wt × 100 and ASM/BMI had a negative influence on body mass and were adequate for evaluating LMM in obese individuals.
It is known that body fat has better predictive validity on the development of the metabolic syndrome and cardiovascular disease risk than BMI. 35, 36 Our patients were defined as obese by BMI, however, they also had high adiposity by BFP. 26 OLMM group by ASM/wt × 100 and ASM/BMI had higher BFP and this correlated negatively with these two indexes.
Low muscle function in obese people is called dynapenic obesity. It is associated with several negative clinical outcomes. 6, [27] [28] [29] Low HS is a clinical marker of poor mobility and a better predictor of clinical outcomes than low muscle mass. 30 In our study, HS was lower in the OLMM group by the two MMIs. All MMIs were associated with HS and in the multiple regression analysis, the HS was the most important variable to predict ASM/wt × 100 and ASM/BMI. 6MWT was lower only in the OLMM group by ASM/BMI, and none MMI correlated with 6MWT. Thus, ASM/BMI seems to be the best index in the evaluation of low muscle function, besides being able to evaluate the severity of sarcopenia, due to identifying individuals with low physical performance.
Obesity is a risk factor for several metabolic and cardiovascular complications, and when associated with LMM, clinical outcomes are worse, increasing the risk of metabolic syndrome, 13 insulin resistance and diabetes, 31, 32 difficulties in daily living activities and mortality. 30, 41 Conversely, we have demonstrated that metabolic profile was not so bad in OLMM than in the ONMM group by the two indexes studied. This result is similar to other studies evaluating obese young. 31, 32 However, we must consider that the participants involved in the study were already in multidisciplinary followup, using medication and with good control of comorbidities for BS. In addition, our patients were young and the control group had also severe obesity. Currently, the relationship between obesity, muscle mass and bone mass has been studied. 33 Obesity plays a double role, promoting the increase of bone mass and muscle mass through mechanical loading, and at the same time, excessive adiposity generates a pro-inflammatory state, favoring the accumulation of fat in bones and muscles and thus suppressing osteoblastogenesis and myogenesis. In our analysis, BFP was negatively correlated with BMD of all evaluated segments (data not shown) as in the study by Liu et al. 34 On the other hand, C-RP did not differ between OLMM and ONMM groups, and also did not correlate with MMIs. We did not evaluate other inflammatory markers such as tumor necrosis factoralpha, interleukins, leptin and adiponectin that would be important in this pathogenesis.
BMD was lower in all sites evaluated (L1-L4, FN and TF) by ASM/wt × 100. The ASM/wt × 100 was positively correlated with BMD of FN, TF and lumbar spine. This assessment is of great importance since patients submitted to BS lose muscle mass mainly in the first year after surgery, 35 as well as loss of bone mass during follow-up. 8 Furthermore, considering that obesity, 36 weight loss 37 and high BFP 34 are risk factors for bone impairment and risk of fractures, obese patient and especially those obese after BS are involved in this context.
Actually, there is no formal recommendation to evaluate bone mass prior to BS in premenopausal women. 26 However, identifying a profile of patients with a greater tendency to BMD loss is necessary.
Potential Limitations
This study is from a particular population and generalizability or transportability might not apply. We evaluated a subpopulation of obese women with a recommendation for BS, so we did not have a large sample, besides the limitation to gender. In addition, we did not evaluate traumatic bone fracture by imaging method nor biochemical markers of bone metabolism. The fact that we included women at menopause should be considered, but only 8% of them had osteopenia.
Conclusion
The frequency of low skeletal muscle mass in women with the recommendation for bariatric surgery was greater when using ASM/wt × 100 than ASM/BMI. In addition, women with low muscle mass by ASM/wt × 100 and ASM/BMI had higher adiposity and lower handgrip strength than women with normal muscle mass. ASM/BMI was the only one to identify a poor physical performance, while the ASM/wt × 100 identified a lower bone mineral density at all sites.
Abbreviations ASM, appendicular skeletal muscle mass; ASM/BMI (m 2 ), ASM adjusted for body mass index; ASM/wt × 100 (%), ASM adjusted for weight; BFP, body fat percentage; BMD, bone mineral density; BMI, body mass index; BS, bariatric surgery; C-RP, high sensitivity quantitative C-reactive protein; DBP, diastolic blood pressure; FN, femoral neck; HS, handgrip strength; HbA1c, glycated hemoglobin; HDL-c, high-density lipoprotein cholesterol; HOMA, homeostasis model assessment-insulin resistance; ht, height; LDL-c, low-density lipoprotein cholesterol; LMM, low skeletal muscle mass; MMI, skeletal muscle mass index; MMIs, skeletal muscle mass indexes; 6MWT, six-minute walk test; SBP, systolic blood pressure; SMM, skeletal muscle mass; OLMM, obesity with low skeletal muscle mass; ONMM, obesity with normal skeletal muscle mass; TF, total femur; wt, weight. 
